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© ELECTROMAGNETIC VALVE. 

© The present invention relates to a solenoid valve 
useful for brake hydraulic control of hydraulic equip- 
ment, in which pressure intensifying control is effec- 
ted, in particular, automatic braking systems for ve- 
hicles. The solenoid valve of the present invention 
comprises a moving member (7) adapted to be 
moved by an electromagnetic force, a spherical- 
shaped communication cutoff member (13) biased 
by the moving member (7) and a seat member (11) 



having a tapered surface. The communication cutoff 
member (13) and the moving member (7) are dis- 
posed in the same space such that when fluid flows 
out from the space to another space, a negative 
pressure is produced only between the communica- 
tion cutoff member (13) and the seat member (11), 
which negative pressures sucks the communication 
cutoff member (13) toward the seat member (11). 
With this arrangement, when a force acting in a 
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direction, in which the valve closes, is positively 
used, pressure intensifying can be effected in a 
pulsing manner with the valve experiencing not a full 
stroke but a minute stroke in a range of differential 
pressure, that is, with the flow passage area of the 
valve kept small, so that good control is made possi- 
ble without increasing a pressure intensifying 
amount. 



FIG . 2 
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TECHNICAL FIELD 

The present invention relates to a solenoid 
valve, and more particularly, a solenoid valve which 
is particularly effective for brake-pressure control of 
an anti-lock brake system (ABS) for vehicle use. 

BACKGROUND ART 

In brake-pressure control according to an ABS, 
as shown in FIG. 3, when rotation of a tire shows a 
tendency to lock, hydraulic pressure in a wheel 
cylinder is reduced by opening a reducing solenoid 
valve 102, and when the rotation of the tire re- 
sumes, the hydraulic pressure in the wheel cylinder 
is increased in a step-like fashion by opening a 
pressure increasing solenoid valve 101 for a few 
millisecond periodically responsive to a pulse driv- 
ing signal. If the cross-sectional area of the pres- 
sure increasing solenoid valve 101 is large, since 
an amount of the pressure increase per pulse sig- 
nal becomes large, hydraulic pulsation increases 
and the tire easily reaches a lock-up state. Conven- 
tionally, in order to prevent the above problems 
and to increase a suitable amount of the hydraulic 
pressure in the brake-pressure control, a control 
orifice inside the pressure increasing solenoid valve 
101 has been provided. 

However, the control orifice increases the pas- 
sage resistance between a master cylinder (M/C) 
and wheel cylinder (W/C) during normal braking 
operations, and thereby it causes a problem in 
which a long time delay until the braking operations 
take effect is introduced and it lowers the quality of 
the brake feeling. In an attempt to provide a device 
solving the above problems, Japanese Unexamined 
Patent Publication No. 64-49779. teaches that dur- 
ing normal braking operations, a hydraulic pressure 
valve is maintained in a wide-open state by holding 
a movable member with a permanent magnetic 
holding device. During brake-pressure control by 
the ABS, the movable member is separated from 
the holding device by means of electromagnetic 
power. After that, when the brake fluid flows 
through an inflow area installed a globe-shaped 
sealing member, a suction effect is created on the 
sealing member. Furthermore, when the brake fluid 
flows through holes formed in a sealing support 
member, a pressure difference is created between 
upper and bottom surfaces of the movable mem- 
ber, and a suction effect is created on the bottom 
surface of the movable member. Due to the suction 
effects, the valve does not open completely but 
moves within a narrow range. Therefore, it is possi- 
ble to improve controllability of the brake fluid 
pressure and prevent time delay of the normal 
braking operations. 



However, the above device is required to pro- 
vide the permanent magnetic holding device not to 
create the suction effect on the bottom surface of 
the movable member during the normal brake op- 

5 erations. Also, additional electromagnetic power is 
required to remove the movable member from the 
holding device. Therefore, use of the device makes 
construction of the solenoid valve complex and 
increases its size. 

10 The present invention is made in light of the 

foregoing problems, and it is an object of the 
present invention to provide a solenoid valve which 
has a simple structure without adding unnecessary 
components, which can prevent time delay of nor- 

75 mal braking operations by enlarging the cross- 
sectional area of a oil pressure control valve during 
normal braking operations, and can improve con- 
trollability of the ABS by making the cross-sec- 
tional area small during brake-pressure control by 

20 the ABS. 

DISCLOSURE OF THE INVENTION 

For attaining the above object, a solenoid valve 

25 according to the present invention is constructed 
so that a negative pressure is formed when fluid 
flows through an area between a seat member with 
a tapered surface and a communication interruption 
member which has a spherical face and which is 

30 pressed by a moving member which moves re- 
sponsive to electromagnetic power, and the nega- 
tive pressure attracts the communication interrup- 
tion member toward the tapered face, character- 
ized in that the communication interruption member 

35 and the moving member are disposed in the same 
space, and the negative pressure is formed only 
between the communication interruption member 
and the seat member when the fluid flows out of 
the space space. 

40 Because of the above construction, the sole- 

noid valve according to the present invention can 
prevent a time delay of the normal brake oper- 
ations and suitably control an increasing pressure 
amount during brake-pressure control by the ABS 

45 simply that specifications of a ball valve member in 
the solenoid valve are determined within the above 
values without the inclusion of additional compo- 
nents. Also, because the cross-sectional area of the 
fluid path is narrow, the fluctuation of the amount of 

so fluid flowing through the valve is small, and thereby 
hydraulic pulsation due to hydraulic pressure im- 
pact is also small and operating noise of the ABS 
which occurs due to hydraulic pressure impact can 
be reduced. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view indicating a 
whole structure of a solenoid valve 1; FIG. 2 is an 
enlarged detail view of a portion of FIG. 1 ; FIG. 3 is 
a view indicating a hydraulic circuit of an ABS; FIG. 

4 is a characteristic diagram indicating a relation- 
-ship-between-K-and-W/C-hydraulic- pulsation;. FIG 

5 is a characteristic diagram indicating a relation- 
ship between Z and W/C hydraulic pulsation; FIG. 

6 is a characteristic diagram indicating a relation- 
ship of between flow rate and pressure loss; FIG. 7 
(a) is a time chart indicates change in W/C pres- 
sure according to the prior art; FIG. 7 (b) is a time 
chart indicates change in W/C pressure according 
to the embodiment; FIG. 8 is a characteristic dia- 
gram indicating a relationship between M/C-W/C 
differential pressure and W/C pressure increase; 
FIG. 9 is a characteristic diagram indicating a rela- 
tionship between M/C-W/C differential pressure and 
W/C hydraulic pulsation; FIGS. 10, 11 and 14 
through 19 are sectional views indicating structures 
according to another embodiments; FIG. 12 is a 
characteristic diagram indicating a relation between 
parameters K and Z; FIG. 13 is a characteristic 
diagram indicating a relationship between pressure 
differential and flow amount; FIG. 20 is a char- 
acteristics diagram indicating a relationship be- 
tween degree of valve opening and spring load; 
FIGS. 21 through 26 and 29 through 32 are sec- 
tional views indicating structures and modes of 
operation according to another embodiments; FIG. 
27 is a characteristics diagram indicating a relation- 
ship between degree of valve opening and spring 
load; and FIG. 28 a time chart indicates change in 
W/C pressure. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

The embodiments according to the present in- 
vention will be described in detail hereinafter with 
reference to the drawings. 

FIG. 1 shows a solenoid valve 1 according to 
the present invention. A coil 3 is installed inside a 
yoke 2, and is energized via a lead wire 4. There is 
a sleeve 5 made of a nonmagnetic material inside 
the coil 3, fixed to be oil-tight to a core stator 6 
which is made from a magnetic material. A guide 
10 is press-fit inside the core stator 6. There is a 
plunger 8 which is a movable iron core in the 
upper interior portion of the sleeve 5, a magnetic- 
body shaft 7 is press-fit therein, and an outer 
periphery of the shaft 7 has a predetermined gap 
10e with respect to an inner surface 10a of the 
guide 10 to be slidable therein. A seat valve 11 is 
press-fit into the lower interior portion of th core 
stator 10, and a ball 13 opens and closes an oil 



path by blocking a seat surface 11a thereon. An 
upper portion of the ball 13 is in contact with a flat 
portion 7a on a lower portion of the shaft 7, the 
shaft 7 and the integrally moving plunger 8 being 

s pressed upwardly by a spring 12 installed on the 
seat valve 11, and contacting an upper inside side 
surface 5a of the sleeve 5. The clearance between 

the-seat-surface~1-1a-and-ball-13 at this-time is 0.2 

mm or more. 

10 There is a flat portion 7a at a lower end portion 

of the shaft 7 applying force only downwardly to 
the ball 13, and also lateral movement of the ball 
13 is restricted by a tilted surface 7b; the ball 13 is 
not laterally displaced from the shaft 7 and seat 

75 surface 11a. Additionally, a filter 18 is installed on a 
lowermost end portion of the guide 10 and a filter 
16 is installed on a side surface 10b of the guide 
10, preventing penetration of foreign matter into the 
solenoid valve 1 from the M/C and W/C, respec- 

20 tively. In addition, the solenoid valve 1 is fixed to a 
housing 20 by a C-ring 14 installed in a concavity 
portion 6a of the guide portion, and is oil-sealed by 
O-rings 15, 17. A in the drawing indicates a first 
space formed in the seat valve 11, B indicates a 

25 second space containing the shaft 7, plunger 8 and 
ball 13, and C indicates an exit port through which 
the brake fluid flows from the second space B to 
the W/C. 

Because the oil-path pattern of this solenoid 

30 valve is an L-type with entry from an axial direction 
and exit in a radial direction, the solenoid valve has 
a structure which can be mounted from one direc- 
tion with respect to the housing. 

Operation of the solenoid valve 1 will be de- 

35 scribed next. 

When electrical current is caused to flow to the 
coil 3 of FIG. 1, magnetic flux passes through the 
yoke 2, core stator 6, guide 10, and plunger 8, 
electromagnetic force is generated so that the 

40 plunger 8 and guide 10 approach, overcomes the 
spring force and hydraulic force to move downwar- 
dly, the ball 13 contacts the seat surface 11a, and 
the oil path between the M/C and W/C is inter- 
rupted. When current is cut, the electromagnetic 

45 force disappears, there is movement by the spring 
force and hydraulic force ultimately to the original 
position, and the oil path between the M/C and 
W/C is reestablished. 

The forces applied to the valve will be de- 

50 scribed hereinafter. Firstly, according to Uzawa in 
"Characteristics of Flat Circular Valves" (Collected 
Papers of the Japan Mechanics Association, 2nd 
edition, vol. 26, No. 165, May 1960, pp. 691-696), 
with regard to a flat circular valve the fluid force 

55 applied to the valve is calculated, and it is ex- 
plained theoretically that a fluid attracting action is 
generated in the valve, and the valve steadily bal- 
ances in a minutely opened state. This fluid attract- 



4 



5 



EP 0 670 445 A1 



6 



ing action is due to the generation of force where- 
by a differential pressure of the upper and lower 
surfaces ol Ukj valve is produced by the pressure 
of thu pofl'un where the flow velocity of the valve 
seal puiliun n> fast dropping below the pressure of 
the portion of the upper surface of the valve, ac- 
cording to Bernoulli's theorem. Additionally, ac- 
cording to Oshima in "Cavitation and Valve Char- 
acteristics in Spherical Poppet Valves" (Hydraulics 
and Pneumatics, vol. 23, No. 3, pp. 302-308), the 
pressure distribution of a spherical valve was mea- 
sured, and it is indicated that even in a spherical 
valve, the pressure applied to the valve in the 
proximity cf tho valve seat portion drops below the 
pressure surrounding the valve. Because of this, it 
is verified that a force component is generated in 
the direction of the valve seat, i.e., in the direction 
in which the valve closes. 

The present embodiment applies a phenom- 
enon generated on a flat circular valve to a hydrau- 
lic pressure control valve for ABS use, on the basis 
of these facts That is to say, in the hydraulic 
pressure control valve for ABS use, an attracting 
effect of fluid is actively utilized with regard to a 
ball and a valve seat of a conical tapered surface 
which are simple and have excellent fluid sealing 
characteristics, which are particularly critical mat- 
ters. According to the present embodiment, the 
force in the direction of valve closure is actively 
utilized, the valve does not perform a full stroke in 
a certain differential pressure range during ABS 
control, and the hydraulic pressure in the wheel 
cylinder is increased in a step-like fashion in a 
minute-stroke state, i.e., in a state where the pas- 
sage cross-sectional area of the valve is small, and 
so favorable ABS control becomes possible without 
the amount of pressure increase becoming large. 

FIG. 2 is an enlarged view of a ball valve 
portion of a solenoid valve according to the present 
embodiment. The valve specifications are ex- 
pressed as ball diameter: D, seat angle seat 
hole diameter: d1. seat diameter: d2 (= Dcos $), 
and seat end face diameter: d3. d1 is selected to 
be a diameter where there is no application lag in 
normal braking (in a solenoid valve for ABS use, it 
is preferred to make this $ 0.7 mm or more). d2 is 
expressed by d2 = d1 + S, and S is taken to be a 
size where there is no problem with the sealing of 
the ball even becoming obtuse in the angle due to 
machining (for example S > 0.03 mm). d2 at this 
time becomes d2 > 0.76 mm. In a case where d2 
is fixed, the seat angle 4> is readily determined 
according to the ball diameter D from the relational 
expression # = cos -1 (d2 / D). It is preferred that 
the set load of the spring 1 2 is small because force 
in the direction of valv opening becomes small, 
but according to experimentally confirmed results, 
a spring force within a range of 150 g to 900 g is 



acceptable. 

FIG. 3 indicates a hydraulic circuit using a 
solenoid valve according to the present invention 
as a solenoid valve 101 for pressure-increase use. 

5 When the solenoid valve opens or closes in a 
pulsed manner, hydraulic pulsation is generated as 
shown in FIG. 7 when the pressure (W/C pressure) 
of area P in the drawing increases in a pulsed 
manner. Piping vibrations and brake-torque fluc- 

10 tuations of the vehicle are generated by this hy- 
draulic pulsation, and operation noise is generated 
during ABS operation. 

When d3 = $ 2.8 mm, FIG. 4 indicates experi- 
mental results of hydraulic pulsation in a case 

15 where the ratio of ball diameter to seat diameter K 
= D / d2 is taken to be a parameter and the 
differential pressure of M/C and W/C is 120 
kgf/cm 2 . According to this, hydraulic pulsation in- 
creases suddenly when K > 2.2, and so it is 

20 preferred to make K > 2.2. 

FIG. 5 shows hydraulic pulsation for the param- 
eter Z = d3 / d2, which relates to the length of the 
seat surface. According to this figure, it is prefer- 
able that 2 > 1.9. 

25 FIG. 6 indicates the differential pressure - flow 

characteristics of the solenoid valve in a state of an 
OFF state (normal-open) of the solenoid valve 
where d1 = <£ 0.7 mm and d2 = $ 1.0 mm, of a) 
D = $ 1.5 mm and b) d1 = # 0.7 mm, d2 = * 1.0 

30 mm, and D = * 5.0 mm. According to this figure, 
when the solenoid valve is off, the ball valve per- 
forms a full stroke and the stroke of the valve is 
large from the start, and so there is no attracting 
effect of fluid up to drawing back the valve, and 

35 there is no restriction of the passage cross-sec- 
tional area of the valve seat portion. Consequently, 
the solenoid valve (b) within the range of effect of 
the present embodiment exhibits flow characteris- 
tics identical to the solenoid valve (a) outside the 

40 range of effect of the present embodiment, and 
because of this it is understood that there is no 
application lag in normal braking. 

FIG. 7 indicates measurements of amount of 
pressure increase of three pulses of the W/C. FIG. 

45 7 (a) shows the operation of a solenoid valve of 
ball-valve specification according to the prior art, 
and FIG. 7 (b) shows the operation of to a solenoid 
valve according to the present embodiment. As 
shown by these graphs, in a solenoid valve accord- 
so ing to the present embodiment, application lag 
during normal braking can be avoided and the 
amount of pressure increase during ABS control 
can be controlled appropriately by selecting speci- 
fications of the ball valve portion within the fore- 

55 going range of values with no particular addition of 
structure; also, because operation is performed in a 
state where the passage cross-sectional area is 
small, flow fluctuations become small, hydraulic 
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pulsation due to hydraulic pressure impact can also 
be made smaller, and ABS operation noise gen- 
erated by hydraulic pulsation can be reduced. 

FIG. 8 and FIG. 9 illustrate other features of the 
present embodiment. Briefly, the amount of pres- 
sure increase (FIG. 8) and pulsation (FIG. 9) of the 
W/C with regard to the differential pressure AP = 

PM/C ^_pw/C-of-the-M/CLand_ W/C_ are taken Jrom_ 

FIG. 7. In a solenoid valve according to the prior art 
((a) in the drawings), the amount of pressure in^ 
crease is determined according to the opening 
cross-sectional area of the orifice, and as the dif- 
ferential pressure becomes larger the amount of 
pr ssure increase also rises. In contrast to this, in a 
solenoid valve according to the present invention (- 
(b) in the drawings), when the differential pressure 
becomes large, the attraction force applied to the 
ball valve rises, the opening cross-sectional area of 
a valve seat portion 21 is smaller than the opening 
cross-sectional area of the opening portion 19a of 
the orifice 19, the amount of pressure increase 
reaches a plateau, and the amount of pressure 
increase of the W/C can be maintained substan- 
tially uniformly even if the differential between the 
M/C pressure and W/C pressure becomes large. 
Because of this, even if the brake pedal is de- 
pressed in manner which causes the M/C pressure 
to change during ABS operation, the amount of 
pressure increase of the W/C pressure is not varied 
by the absolute value of the M/C pressure, and so 
stabilized ABS control is possible, and because 
hydraulic pulsation also generally becomes larger if 
the amount of pressure increase becomes larger, 
there is also the outstanding effect whereby ABS 
operation noise in a case of large M/C pressure 
also becomes smaller. 

As has been described above, according to the 
present embodiment application lag during normal 
braking can be avoided, the amount of pressure 
increase during ABS control can be optimized, and 
ABS operation noise can be reduced by selecting 
specifications of the ball valve within the range of 
the present invention with no addition of any added 
structure, thereby making it possible to provide a 
simple, high-performance solenoid valve. 

(Other Embodiment) 

FIG. 10 illustrates an embodiment in which ball 
13 is fixed to the lower end portion 7c of the shaft 
7 and which has a different seat-valve configura- 
tion. That is to say, there exists a flat portion 11b 
on the outer periphery of the seat surface 11 a of 
the seat valve 11. In this case, seat configuration 
d3 is as shown in the drawing. The spring 12 is 
supported by a lower end portion 7d of the shaft 7. 

FIG. 11 illustrates another mbodiment where 
an end of a rod 23 is machined into a sphere 23a 



and press-fit into a hole 7d on the shaft 7. Accord- 
ing to this embodiment, the rod 23 corresponding 
to a comparatively large ball diameter can be 
linked to the shaft 7, the shaft diameter can be 
5 made narrower, the moving-portion weight de- 
creases. Along with these effects, the inner diam- 
eter of the guide becomes smaller, the attracting 
surface, area of electromagnetic force is made^ larg- 
er, and responsiveness increases. 
w FIG. 12 shows the relationship of parameters K 
and Z according to the above-described embodi- 
ments. According to the foregoing embodiments, it 
is preferable that K > 2.2 and Z > 1.9, but if 
considered with reference to FIG. 9, hydraulic pul- 
75 sation becomes particularly small according to FIG. 
4 and FIG. 5. If values of K = 3.5 to 5 or more and 
Z = 2.8 to 3 or more are used, the effects accord- 
ing to the present invention increase further, and so 
the range from region I to regions II and 1 1 Ms taken 
20 to be the recommended region. In practical use, 
this is particularly effective in a case where d 2 = $ 
0.66 to * 1 mm (> di + S) and ball diameter D = 
$ 3.5 to $ 5 mm are established in correspon- 
dence with valve seat hole diameter di . 
25 Additionally, in a case where D is considerably 
larger than d3, i.e., in a case where -K > Z, the 
effective remains unchanged at the case of K = Z 
even if K is increased, and so there is no increase 
in effect even if K is made excessively large with 
30 respect to Z. 

FIG. 13 shows pressure differentials and flow 
characteristics according to the above-described 
embodiments. In these characteristics the spring 
load is established at a value smaller than during 
35 the experimentation indicated in FIG. 6. 

(a) shows characteristics of only the valve seat 
hole (diameter di) with, for example, the ball valve 
indicated in FIG. 2 removed, (b) shows experimen- 
tal results where a ball and spring are installed. 
40 According to these results, during normal braking 
the ball is separated from the valve seat by the 
spring, similarly to FIG. 6 described above, and so 
attraction (drawing) of the ball does not occur and 
there is no restriction of the oil path between the 
45 ball and seat, but when ABS control is initiated, the 
ball moves in the direction of the seat and so in a 
case where the ball opens from a closed state due 
to electromagnetic force in the ABS, drawing oc- 
curs at the moment of opening and there is restric- 
50 tion between the ball and seat. That is to say, the 
valve maintains flow substantially uniformly without 
opening fully' even if the pressure differential be- 
comes large, and as shown in the foregoing FIG. 8, 
uniform pressure-increase characteristics are ob- 
55 tained with no dependence on the pressure dif- 
ferential of the M/C and W/C. 

A noteworthy matter here is that whereas a 
general flow control mechanism provides character- 
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istics such as are indicated in FIG. 13 (c) because 
of controlling uniform flow as was described earlier, 
according to the present invention, results as in- 
dicated in (b) is obtained, and so there is an 
outstanding effect whereby the amount of pressure 
increase during ABS control becomes extremely 
small and hydraulic pulsation is also reduced. 

A further modification with respect to a valve of 
a ball and a simple tapered seat will be described 
next. 

Firstly, the dimensions relating to the configu- 
ration of the valve are: 

When receiving-pressure diameter is d 2 {- Dcos 
*>. 

Receiving-pressure surface area A2 = -n I 4d2 2 , 
Typical diameter of the valve d* (= D in a case of 
ball alone), 
At this time, 

Attracting surface area A4 f = -n I 4d* 2 , 

Actual attracting surface area A4 = A4 ( - A2, and 

Attracting surface area / receiving-pressure surface 

area ratio B = A* / A 2 . 

Relatively, 

1 ) increasing the flow velocity of the valve lower 
surface to reduce pressure according to Ber- 
noulli's law; and 

2) increasing the actual attracting surface area 
of the valve (making A4 larger), 

are effective to increase the attraction force. 
In FIG. 14, the seat configuration outside of d 2( 
(> d 2 ) is in a smooth, sphere concave configuration 
so that the ball 13 is enclosed, in order to increase 
the flow velocity of the valve lower surface. This 
drawing takes curvature to be constant, but an 
arbitrary curved surface is also acceptable. In FIG. 
15, machining such as press-fitting which requires 
precision of each component is eliminated by de- 
pressing the spherical concavity 11 h with a spring, 
and there is moreover no danger of falling out, and 
productivity is further enhanced. FIG. 16 shows an 
embodiment where the seat configuration has three 
steps for a seat configuration which encloses the 
ball at angles of $ a (< *) from d 2 t (> d 2 ) and $ b (< 
*) from d 2g (> d2). In FIG. 16, the taper angles are 
changed in three steps, but it is also acceptable to 
increase the number of steps even further. (How- 
ever, the surfaces of * a and $ b do not make 
contact when the ball has contacted the seat sur- 
face.) FIG. 17 indicates a case where the spring 12 
has been inserted between the seat 1 if and an 
outer-side seat valve Hp; in this way, a large seat 
outer diameter d3 which is not dependent on the 
inner diameter d s of the spring 12 which supports 
the ball 13 can be ensured. Furthermore, as shown 
in FIG. 18, the seat portion can be structured 
without a protruding configuration of tubular shape, 
and so further enlargement of the effective attract- 
ing surface area becomes possible. 



Next, consideration will be given to increasing 
the effective attracting surface area while keeping 
the seat diameter d 2 the same. It is acceptable 
simply to enlarge the ball diameter D, but because 

5 of the relationship: 

d 2 = Dcos *,it is necessary to enlarge the seat 
angle according to * = cos" 1 (d 2 / D); however, 
if the seat angle * is made excessively large, $ = 
*th = tan" 1 (1 / u ), where 4> t h = Marginal angle of 

70 friction and u = Coefficient of friction, and the ball 
does not slide over the seat tilted surface. 

That is to say, when the ball 13 moves to the 
lower area of the drawing and the valve closes, if 
the center of the ball 13 is displaced from the 

75 center of the seat 11 and is grounded, the ball 13 
cannot slide over the seat surface of the seat 11, 
and ground displacement cannot be corrected. 
Consequently, it becomes impossible to make the 
seat angle $ exceedingly small, and along with this 

20 it becomes impossible as well to make the bail 
diameter D exceedingly large. 

In this regard, the method hereinafter causes 
the actual attracting surface area to increase with 
no particular enlargement of the ball diameter D. 

25 FIG. 18 shows an embodiment where a holder 

12b is mounted on the ball 13 and the ball is 
pressed upwardly via the holder 12b. In this case, 
the effective attracting diameter d4 is made large, 
and so the attracting effect is increased; d* in this 

30 case is made to have a configuration enveloping 
the ball and a portion 12e facing the seat 11 of the 
holder 12. FIG. 19 shows an embodiment where 
the ball 13 has been crimped after being press-fit 
to the lower-end of shaft 7. In this case, the clear- 

35 ance between the shaft lower-end portion 7f and 
seat surface 11f when the valve is seated should 
be made as small as possible. 

The spring utilized in descriptions heretofore 
acts at full opening or closing stroke of the valve, 

40 but by making it that the ball is subjected to the 
spring load only in the proximity of being seated, 
as shown in FIG. 20, the spring load when the ball 
is seated can be established as desired without 
exerting a great effect on flow control. Conse- 

45 quently, if the set load is enlarged, a sufficient 
force to reliably open the valve is applied even if 
the viscous resistance of the sliding portions of the 
solenoid valve becomes large during cold tempera- 
tures and the like, and so operation of the valve 

so becomes even more reliable. Herein, a valve open- 
ing Xt at which the spring load is applied which is 
0.1 mm or less is acceptable, but a recommended 
value is approximately 20 to 50 urn. 

The detailed structure of an embodiment as 

55 described above is illustrated in FIGS. 21 through 
23. FIG. 21 indicates a state of the valve prior to 
operation; a guide diameter portion 7b of a holder 
7a is press-fit to an end surface of a shaft 7, and a 
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washer 50 of annular configuration is installed 
therein. The washer 50 contacts an end surface 
10a of a guide 10 by a spring 12. A ball 13 is fixed 
to the holder 7a. When current flows through a coil 
(not shown), the valve passes from the state shown 
in FIG. 21 thtough that in FIG. 22 to form a seal as 
shown in TIG 23. That is, a clearance of Xi opens 

-between-the-end-surface-1 0a otthe_guide_and_the 

washer 50 Next, when current to the coil is termi- 
nated, the shaft 7 is pressed by the spring 12 via 
the washer 50. as shown in FIG. 23, and so when 
the washer 50 contacts tho end surface 10a of the 
guide, the state indicated in FIG. 23 is obtained. 
When the washer 50 contacts the guide 10, the 
spring load comes not to be applies with respect to 
the shaft 7 making a stroke of Xi , and it is possible 
to make so that the ball 13 and shaft 7 do not 
make an unnecessary stroke. 

FIG. 24 shows an embodiment where the shaft 
7 and holder 7a of FIG. 21 to FIG. 23 have been 
integrated and similar effects to those of previous- 
ly-described embodiments are thereby obtained. 
FIG. 25 shows an embodiment where a ball is 
freely slidable within a tubular holder 23. A spring 

12 presses against a ball 13 via an incline 23a of a 
holder 23, and when an end surface 23b of the 
holder contacts the end surface 10a of the guide, 
spring load is not applied to the ball 13, and so 
effects similar to those provided by the embodi- 
ments shown in FIG. 21 to FIG. 23 can be ob- 
tained. FIG. 26 shows an embodiment where an 
annular holder 33 is integrally fixed to the ball 13. 
In this case, a spring 12b pressing against the ball 

13 is installed in addition to a spring 12a which 
presses against a washer 50. 

For the characteristics of FIG. 26 , as shown in 
FIG. 27, the load of the spring 12a and the spring 
12b is applied in the displacement interval of 0 to 
Xi , and at a displacement of Xi or more, only the 
load of the spring 12b is applied. For the load of 
the spring 12b at this time, if the spring's char- 
acteristics conform to the broken line shown in FIG. 
27, there is no problem in controlling flow through 
the valve. Additionally, establishment of a similar 
spring is also possible for the structures indicated 
in FIG. 21 to FIG. 23, FIG. 24 and FIG. 25. 

An article utilizing the attraction phenomenon 
of a valve described heretofore ultimately has limit- 
ed the flow into the valve by restricting the degree 
of opening of the valve, and has alleviated hydrau- 
lic pulsation in hydraulic piping generated by open- 
ing and closing of the valve by alleviating the 
amount of change of flow. 

Utilizing the viscous resistance of a fluid is 
effective as a method for retarding the opening and 
closing speed of a valve. As a structure thereof, 
there exists the method of reducing the clearance 
between the plunger 8 and sleeve 5 or the method 



of reducing the clearance between the guide 10 
and the shaft 7 by eliminating the communicating 
holes in the upper and lower rooms of the plunger 
indicated in FIG. 1; as shown in FIG. 28, effective 
5 results in alleviating hydraulic pulsation have also 
been produced experimentally, and the method is 
effective. 

; Furthermore, to avo id any excess ive incr ease 

in viscous resistance due to an increase in the 

io fluid's coefficient of viscosity at low temperatures, 
as shown in FIG. 28, it is preferable to make the 
upper and lower communicating holes of the plung- 
er 8 into orifice restrictors 8e with no dependency 
on viscosity due to the temperature of the fluid, to 

15 form tubular protrusions 8c and 8d to maintain the 
clearance of the plunger 8 and sleeve 5 on the 
outer peripheral surface, and thereby to eliminate 
the influence of shear resistance due to viscosity of 
the fluid on the side surfaces of the plunger 8 and 

20 sleeve 5, and moreover the fluid flow between the 
upper and lower surfaces of the plunger 8 is inter- 
rupted. 

Additionally, as shown in FIG. 30, it is also 
possible to provide a similar protrusion 7c or 7d on 

25 the outer periphery of the shaft 7 and make the 
protrusion 7c or 7d an orifice restrictor in conjunc- 
tion with the guide inner-diameter portion 10a. For- 
ming a protrusion on the shaft 7 is more effective 
than forming one on the plunger 8. The reason for 

30 this is that whereas the loss of magnetism be- 
comes greater when a protrusion is formed on the 
plunger 8 because the void length above the elec- 
tromagnetic circuit becomes longer, the shaft 7 has 
no such restriction, and the centering performance 

35 of the shaft 7 is also improved. There is no need to 
make the protrusion configuration triangular in 
cross-section, and it is acceptable to adopt a con- 
figuration which is not subject to the influence of 
viscosity. 

40 Another embodiment is shown in FIG. 31; in 

this embodiment, the fluid flow is restricted with 
hole 13 and the inner surface I0d of the guide 10. 
The benefits of this embodiment are that, because 
the ball 13 is an ordinary bearing ball and accuracy 

45 is maintained, it is acceptable to machine only the 
guide inner diameter with high accuracy; also, 
when the ball 13 can move freely with respect to 
the shaft 7, the ball 13 is reliably guided to the seat 
even when the clearance between the shaft 7 and 

so the guide inner-diameter portion 10a is large, and 
so unnecessary radial movement is prevented; 
moreover, flow-control performance is improved. In 
FIG. 31, a clearance between the ball 13 and guide 
10 of 0.1 mm or less is preferred. 

55 Earlier it was noted that the marginal friction 

angle 4> th between the ball 13 and seat 11 depends 
on the coefficient of friction between the ball and 
seat, but as shown in FIG. 32, if the coefficient of 
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friction u 1 between the shaft 7 and ball 13 is made 
smaller than the coefficient of friction u between 
the ball 13 and shaft 11, slippage is generated at 
point B of the shaft 7 and the ball 13 rolls at point 
A of the seat, and so the ball 1 3 can move over the 
seat 1 1 with no entrapment even if the seat angle 4> 
is enlarged, and a reliable seal is provided. This 
can provide a major advantage with a simple struc- 
ture using a shaft 7, hole 13, and seat 11 wherein a 
reliable seal is produced even if the ball shape D is 
enlarged while maintaining the seat shape 62 and 
the seat angle * is enlarged, and the ball shape 
can be enlarged to cause the attracting surface 
area to be enlarged without enlarging the receiving- 
pressure surface area, i.e., the required drawing 
force. 

Herein, to lower the coefficient of friction jx 1 
between the shaft 7 and ball 13, it is acceptable to 
coat the ball-contacting surface of the shaft 7 with 
a low-friction material such as Teflon form or the 
like, or if the shaft 7 itself is made to be a resin 
material having a low coefficient of friction (u 

0. 14), then in addition to the above-described ef- 
fects, the movable portions become lighter in 
weight, and vibration during electromagnetic opera- 
tion can be alleviated. Additionally, in FIG. 32 the 
ball 13 contacts the flat portion 7a of the shaft, but 
equivalent effects are obtained even when if con- 
tacts the tilted surface 7b. 

Moreover, by making the lower end of the shaft 
7 correspond to the configuration of the ball 13, it 
becomes possible to lower the surface pressure 
received by the shaft 7 from the ball 13 and to 
thereby improve durability. Additionally, the plunger 
presses the ball via the shaft, but it is also accept- 
able for the plunger to press the ball directly. 

INDUSTRIAL APPLICABILITY 

As described above, the solenoid valve accord- 
ing to the present invention is effective as a flow 
control valve of a hydraulic pressure apparatus 
performing a pressure increase control operation, 
and is particularly applicable to such a valve used 
as a two-position valve or a three-position valve in 
an ABS, because the pressure increase can be 
performed while limiting the hydraulic pulsation, 
and it is thereby possible to improve the control- 
lability of the ABS. 

Claims 

1. A solenoid valve wherein a negative pressure 
is formed when fluid flows through an area 
between a seat member with a tapered surface 
and a communication interruption member 
having a spherical surface and pressed by a 
moving member which moves by means of an 



electromagnetic power acted thereon, and the 
negative pressure attracts said communication 
interruption member toward said tapered sur- 
face, wherein said communication interruption 

5 member and said moving member are dis- 

posed in a same space, the negative pressure 
is formed only between said communication 
interruption member and said seat member 
when the fluid flows out of said space to the 

10 other space. 

2. A solenoid valve according to claim 1, wherein 
said solenoid valve has a structure where one 
end and the other end of said moving member 

75 are subject to a same fluid pressure. 

3. A solenoid valve according to claim 3, com- 
prising: 

a seat member having a tapered surface; 
20 a first space formed inside said seat mem- 

ber; 

a containing member containing said seat 
member; a second space formed between said 
seat member and said containing member; 
25 a exit port formed in said containing mem- 

ber and communicating with said second 
space; 

a communication interruption member hav- 
ing a spherical surface facing said seat mem- 

30 ber, communicating or interrupting between 

said first space and second space at said 
tapered surface; 

pressing means for pressing said commu- 
nication interruption member in the direction 

35 away from said seat member; and 

a moving member disposed in said sec- 
ond space, pushing said communication in- 
terruption member by sliding on said contain- 
ing member by means of an electromagnetic 

40 power applied thereto, and causing said com- 

munication interrupting member to move 
nearer to said seat member, 

wherein said tapered surface and commu- 
nication interruption member are constructed 

45 so that a negative pressure is formed between 

said tapered surface and communication in- 
terruption member when fluid flows from said 
first space into said second space if said com- 
munication interruption member is within a 

50 specified stroke range, and the negative pres- 

sure attracts said communication interruption 
member toward said tapered surface, and 
wherein said moving member is disposed so 
that one end and the other end thereof are 

55 applied to a same hydraulic pressure when the 

fluid flows from said second space into said 
exit port. 
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4. A solenoid valve according to claim 3, wherein 
said communication interruption member is 
fixed to a lower end of said moving member. 

5. A solenoid valve according to claim 3, wherein 
the tapered surface of said seat member is 
made a concave configuration of a sphere so 

that-said -communication, interruptions ember 

is enclosed, in an outside from a contacted 
point with said communication interruption 
member. 

6. A solenoid valve according to claim 3, wherein 
the tapered surface is made a multi-steps con- 
figuration. 

7. A solenoid valve according to claim 3, wherein 
said pressing means housed inside said seat 
member. 



tion member: D, seat angle: * (= cos 1 (d2 / 
D)), and seat end face diameter: d3. 

13. A solenoid valve according to claim 12, 
5 wherein said seat hole diameter d1 is selected 

to d1 > *0.7 mm, and said seat diameter d2 is 
selected to d2 > <£0.76 mm. 



14. A solenoid valve according to claim 13, 
io wherein said seat hole diameter d1 is selected 

to d1 > $0.76 mm. 

15. A solenoid valve according to claim 12, 
wherein said pressing means is spring, and the 

15 set load thereof is selected within a range of 

150 g to 900 g. 

16. A solenoid valve according to claim 1, wherein 
said solenoid valve is a valve for a pressure 

20 increase use of an anti lock brake use. 



8. A solenoid valve according to claim 3, further 
comprising: 

a holder containing said communication in- 
terruption member, 

wherein said pressing means presses said 25 
communication interruption member via said 
holder. 

9. A solenoid valve according to claim 3, wherein 

said pressing member presses said commu- 30 
nication interruption member only in the prox- 
imity that said communication interruption 
member is seated on said seat member. 



10. A solenoid valve according to claim 3, wherein 35 
said moving member provides a sliding speed 
reducing member so as to reducing a sliding 
speed thereof. 

11. A solenoid valve according to claim 3, wherein 40 
a friction coefficient value between said com- 
munication interruption member and moving 
member is smaller than that between said 
communication interruption member and the 
tapered surface of said seat member. 45 

12. A solenoid valve according to claim 3, wherein 
the ratio of the spherical surface diameter of 
the communication interruption member to the 

seat diameter K = D 7 d2 is selected to K > 50 
2.2 and the parameter Z = d3 / d2 regarding 
the length of a seat surface at the tapered 
surface of the seat member is selected to Z > 
1.9, in the case where specifications of the 
solenoid valve are expressed as seat hole di- 55 
ameter at the tapered surface of the seat 
member: d1, seat diameter: d2, spherical sur- 
face diameter of the communication interrup- 
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